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COMPOUND BEARING APPARATUS, AND

SPINDLE MOTOR AND SWING ARM FOR

HARD DISK DRIVE MEANS INCLUDING
SUCH BEARING APPARATUS

This application 1s a Continuation-in-part of application
Ser. No. 09/379,502, filed on Aug. 23, 1999, now aban-

doned.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a compound bearing
apparatus suitable for the rotating portion of the so called
precision mechanical equipment, and a spindle motor and a
swing arm for hard disk drive means mcluding such bearing
apparatus.

2. Description of the Prior Art

A variety of structures of the bearing apparatus are known
for the rotating portion of the precision mechanical equip-
ment. In the case of the prior art as shown 1 FIG. 7, the
compound bearing apparatus of one prior art mcludes a
stepped shaft 41 having enlarged and reduced diameter shaft
portions 41a, 41b, a sleeve outer race 42 surrounding the
stepped shaft, and two rows of rotating bodies 44,45 inter-
posed between the enlarged diameter shaft portion 41a and
the sleeve outer race 42, and an 1nner race 43 fitted around
the reduced diameter shaft portion 415 and the sleeve outer
race 42 respectively.

In such compound bearing apparatus of the prior art, the
clearance defined between the enlarged diameter shaft por-
tion of the shaft and the sleeve outer race and that defined
between the 1nner race and the sleeve outer race are closed
by means of sealing plates 46,47 at the outer side of each of
two rows of rotating bodies. This 1s effected for the purpose
of preventing the lubricant presented around the balls 44,435,
rolling recess 48a, 48b, 49a, 49b, and the retainer 50 from
leaking out therefrom.

In the compound bearing apparatus of the prior art having,
above-mentioned structure, often caused 1s the shortage of
the lubricant due to the dispersion thereof into the space A
defined between two rows of balls 44, 45. This also causes
the rotational noise or vibration and reduces the lifetime of
the bearing apparatus.

When the spindle motor including such compound bear-
ing apparatus of the prior art 1s used as a driving apparatus
for a hard disk drive device, the lubricant dispersed by the
high speed rotation of the bearing apparatus into the space
A will transform into a mist of lubricant and produce a
turbulence. This turbulence will produce noises or vibration
to affect the stillness and the accuracy of the rotation of the
moltor.

Further, in the swing arm assembly employed as a swing,
arm for the hard disk drive device, 1t 1s necessary to displace
the magnetic head accurately along the surface of the hard
disk used as a magnetic storage medium by swinging the
arm around the shaft accurately. Whereas the swing arm
assembly including a compound bearing apparatus of the
prior art 1s apt to produce rotational noises or vibrations due
to the age deterioration of the compound bearing apparatus.
These rotational noises or vibrations will often lead to a disk
crash to impair the reliability of the hard disk drive means.

Accordingly, the object of the present invention is to
provide a compound bearing apparatus having sealing
means for preventing the lubricant presented around the
rotating bodies from leaking out to the space defined
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between two rows of the rotating bodies as well as the out
side of the bearing apparatus, and a spindle motor and a
swing arm for hard disk drive means including such bearing
apparatus.

SUMMARY OF THE INVENTION

These and other objects are achieved by a compound
bearing apparatus in accordance with the first aspect of the
present mvention including a stepped shaft having an
enlarged diameter shaft portion and reduced diameter shaft
portion, a sleeve outer race surrounding the stepped shaft,
and two rows of rotating bodies interposed therebetween,
wherein:

the rotating bodies of the first row are disposed between
an outer peripheral rolling recess formed directly on an
outer peripheral surface of the enlarged diameter shaft
portion and a first inner peripheral rolling recess
formed directly on the inner peripheral surface of the
sleeve outer race,

the rotating bodies of the second row are disposed
between an outer peripheral rolling recess formed on an
outer periphery of an 1nner race fitted over the reduced
diameter shaft portion of said stepped shaft and a
second 1nner peripheral rolling recess formed directly
on the mner peripheral surface of the sleeve outer race,

an outer peripheral labyrinth recess formed on the outer
peripheral surface of the enlarged diameter shaft por-
tion at the longitudinal 1nner side of the rotating bodies
of the first row,

a space defined between a shoulder, formed at a point of
transition from the enlarged diameter shaft portion to
the reduced diameter shaft portion, and an inner end of
the nner race,

the longitudinal outer side of the rotating bodies of the
first row, a first outer sealing plate of ring shape having,
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

at

the 1nner diameter of the central aperture 1s slightly larger
than the enlarged diameter shaft portion to prevent the
first outer sealing plate from contact with the stepped
shaft and to provide a labyrinth seal function,

at the longitudinal outer side of the rotating bodies of the
second row, a second outer sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery into an inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the mner diameter of the central aperture 1s substantially
equal to or smaller than the outer diameter of the inner
race and larger than the outer diameter of the reduced
diameter shaft portion to provide a labyrinth seal
function,
the longitudinal inner side of the rotating bodies of the
first row, a first 1nner sealing plate of ring shape having,
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the mner diameter of the central aperture 1s substantially
equal to or smaller than the outer diameter of the
enlargced diameter shaft portion and larger than the
outer diameter of the labyrinth recess to prevent the
first inner sealing plate from contact with the stepped
shaft to provide a labyrinth seal function,

at

at the longitudinal inner side of the rotating bodies of the
second row, a second 1nner sealing plate of ring shape
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having a central aperture 1s fixedly fitted at its outer
periphery into an 1inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the mner diameter of the central aperture 1s substantially
equal to or smaller than the outer diameter of the inner
ring and larger than the outer diameter of the reduced
diameter shaft portion of the stepped shaft to prevent
the second inner sealing plate from contact with the
stepped shaft or the inner race to provide a labyrinth
seal function.

Further, a compound bearing apparatus 1n accordance
with the second aspect of the present mnvention including a
stepped shaft having enlareged diameter shaft portion and
reduced diameter shaft portion, a sleeve outer race surround-
ing the stepped shaft, and two rows of rotating bodies
interposed therebetween, wherein:

the rotating bodies of the first row are disposed between
an outer peripheral rolling recess formed directly on an
outer peripheral surface of the enlarged diameter shaft
portion and a first inner peripheral rolling recess
formed directly on the mner peripheral surface of the
sleeve outer race,

the rotating bodies of the second row are disposed
between an outer peripheral rolling recess formed on an
outer periphery of an inner race fitted over the reduced
diameter shaft portion of said stepped shaft and a
second 1nner peripheral rolling recess formed directly
on the mner peripheral surface of the sleeve outer race,

a space defined between a shoulder, formed at a point of
transition from the enlarged diameter shaft portion to
the reduced diameter shaft portion, and an inner end of
the 1nner race,

at the longitudinal outer and inner side of the rotating
bodies of the first row, a pair of first outer and inner
scaling plates of ring shape having a central aperture
respectively are fitted at their inner peripheries into a
pair of peripheral grooves formed on each side of the
peripheral rolling recess formed on the outer peripheral
surface of the enlarged diameter shaft portion so as to
be faced opposite to a pair of outer and inner peripheral
ogrooves formed on each side of the first inner periph-
eral rolling recess of the sleeve outer race respectively,

the outer diameter of the central aperture 1s substantially
cequal to or larger than the inner diameter of the sleeve
outer race and smaller than the outer diameter of the
inner peripheral grooves respectively to prevent the
first inner and second sealing plates from contact with
the sleeve outer race to provide a labyrinth seal
function,
the longitudinal outer side of the rotating bodies of the
second row, a second outer sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery 1nto a peripheral groove formed on the outer
side of the second inner peripheral rolling recess
formed on the mner peripheral surface of the sleeve
outer race so as to be faced opposite to an outer side of
the 1nner race,

the mner diameter of the central aperture 1s substantially
equal to or smaller than the outer diameter of the inner
race and larger than the outer diameter of the reduced
diameter shaft portion of the stepped shaft to prevent
the second outer sealing plate from contact with the
stepped shaft or the inner race to provide a labyrinth
seal function,

at the longitudinal 1nner side of the rotating bodies of the
second row, a second inner sealing plate of ring shape

at
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having a central aperture 1s fixedly fitted at its outer
periphery 1nto a peripheral groove formed on inner side
of the second inner peripheral rolling recess formed on
the inner peripheral surface of the sleeve outer race so
as to be faced opposite to the space between the stepped
shaft and the mner race,

the mnner diameter of the central aperture 1s substantially
equal to or smaller than the outer diameter of the 1nner
race and larger than the outer diameter of the reduced
diameter shaft portion of the stepped shaft to prevent
the second inner sealing plate from contact with the
stepped shaft or the inner race to provide a labyrinth
seal function.

The spindle motor 1n accordance with the present mnven-
tion includes a compound bearing apparatus of the structure
of either of the above-mentioned structures. The rotor hub,
the rotating member of the spindle motor 1s adapted to be
journalled on the base by the compound bearing apparatus.

The swing arm 1n accordance with the present invention
includes a compound bearing apparatus of the structure of
cither of the above-mentioned structures. The compound
bearing apparatus i1s fitted within the cylindrical portion
being the base of the swing arm to journal the swing arm
rotatably.

The above-mentioned compound bearing apparatus is
coniligured so that said outer peripheral labyrinth recess, said
space defined between said shoulder and said inner end of
the 1nner race, said first inner sealing plate and said second
inner sealing plate cooperate to reduce dispersion of lubri-
cant from said rolling bodies into a space between said two
rows of rotating bodies.

BRIEF DESCRIPTION OF THE DRAWINGS

Further feature of the present invention will become
apparent to those skilled in the art to which the present
invention relates from reading the following specification
with reference to the accompanying drawings, in which:

FIG. 1 1s a longitudinal cross sectional view showing the
compound bearing apparatus of the present 1nvention;

FIG. 2 1s a longitudinal cross sectional view showing
another embodiment of the compound bearing apparatus of
the present invention;

FIG. 3 1s a longitudinal cross sectional view showing the
spindle motor of the present mnvention;

FIG. 4 1s a longitudinal cross sectional view showing
another embodiment of the spindle motor of the present
mvention;

FIG. § 15 a longitudinal cross sectional view showing the
swing arm assembly of the present invention;

FIG. 6 1s a longitudinal cross sectional view showing
another embodiment of the swing arm assembly of the
present 1nvention; and

FIG. 7 1s a longitudinal cross sectional view showing the
compound bearing apparatus of the prior art.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

A compound bearing apparatus 1n accordance with the
first and second embodiments of the present invention will
now be described with reference to FIGS. 1 and 2.

The First Embodiment

As can be seen from FIG. 1, the compound bearing
apparatus of the first embodiment includes a stepped shaft 1
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having an enlarged diameter shaft portion 14 and a reduced
diameter shaft portion 1b, a cylindrical sleeve outer race 2
surrounding over the stepped shaft, and two rows of rotating
bodies such as balls 3, 4 mterposed therebetween.

The balls 3 of the first row (the left row in FIG. 1) are
disposed between an outer peripheral rolling recess 5 formed
directly around the outer peripheral surface of the enlarged
diameter shaft portion 1 a of said stepped shaft 1 and the first
inner peripheral rolling recess 6a formed directly on the
inner peripheral surface of said sleeve outer race 2.

The balls 4 of the second row (the right row 1n FIG. 1) are
disposed between an outer peripheral rolling recess 8 pro-
vided around the outer peripheral surface of the mner race 7
fitted over the reduced diameter shaft portion 1b said
stepped shaft 1 and the second inner peripheral rolling recess
6b formed directly on the iner peripheral surface of the
sleeve outer race 2.

The outer diameter of said mner race 7 1s substantially
identical with that of the enlarged diameter shaft portion 1a,
so that the balls of the same diameter can be employed as the
balls 3, 4 of the first and second rows.

The mner race 7 may be attached to the shaft to leave a
space 9 between an mner end of the inner race and a surface
of the shoulder formed between the enlarged portion and
reduced portion of the shatt.

On the left end of the bearing assembly, 1.€. on one end
left to the first row of balls 3, first outer sealing plate 10 1s
provided to seal the clearance defined between the enlarged
diameter shaft portion 1a and the sleeve outer race 2. On the
right end of the bearing assembly, 1.e. on the other end right
to the second row of balls 4, second outer sealing plate 11
1s provided to seal the clearance defined between the 1nner
race 7 and the sleeve outer race 2. The outer sealing plates
10, 11 are ring shaped and each has a cenftral aperture
therethrough. The outer periphery of the outer sealing plates
10, 11 are adapted to be fitted 1nto 1nner peripheral grooves
12a, 12b formed on the inner peripheral surface of said
sleeve outer race 2.

The 1nner diameter of the central aperture of the outer
scaling plate 10 1s slightly larger than the outer diameter of
the enlarged diameter shaft portion la to leave a slight
clearance therebetween to provide a labyrinth seal function.

The 1nner diameter of the central aperture of the outer
scaling plate 11 1s slightly larger than the outer diameter of
the mner race 7 to leave a slight clearance therebetween to
provide a labyrinth seal function.

The compound bearing apparatus of the present invention
further 1includes first and second inner sealing plates 13, 14.
The first inner sealing plate 13 1s disposed right to the first
row of balls 3, and the second inner sealing plate 14 1is
disposed left to the second row of balls 4.

These 1nner sealing plates 13, 14 are also of ring shaped
and has a central aperture therethrough. The outer periphery
of the inner sealing plates 13, 14 are fitted into 1nner
peripheral grooves 154, 15b formed on the mner peripheral
surface of said sleeve outer race 2.

An outer peripheral labyrinth recess 16 1s formed around
the enlarged diameter shaft portion la at the position in
which the plane defined by the first inner sealing plate 13
crosses the shaft 1. The 1mnner diameter of the mnner sealing
plate 13 1s substantially equal to or smaller than the outer
diameter of the enlarged diameter shaft portion 1a and larger
than the mner diameter of the labyrinth recess 16 to prevent
the first inner sealing plate from contact with the shaft. Thus
the mner periphery of the central aperture 1s entered into the
labyrinth recess to provide the labyrinth seal function.
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The 1nner periphery of the second inner sealing plate 14
1s disposed opposite to the space 9 defined between the 1nner
end of the mner race 7 and the surface of the shoulder. The
inner diameter of the 1ner sealing plate 14 1s substantially
equal to or smaller than the outer diameter of the enlarged
diameter shaft portion 1a and larger than the outer diameter
of the reduced diameter shaft portion 1b to prevent the
second 1nner sealing plate from contact with the shaft. Thus
the mner periphery of the central aperture 1s entered into the
space 9 between the stepped shaft and inner race to provide
the labyrinth seal function.

The elements represented by reference numeral 20 are
ball retainers.

The assembling operation of the compound bearing appa-
ratus of the above-mentioned first embodiment will be
carried out as follows.

The outer periphery of the mner sealing plates 13 and 14
are fitted into the inner peripheral grooves 15a, 15b of the
sleeve outer race 2, the stepped shaft 1 1s inserted into the
sleeve outer race 2, and then inner race 7 1s fitted slidably

around the reduced diameter shaft portion 1b of the stepped
shaft.

Next, the stepped shaft 1 1s displaced radially within the
sleeve outer race to form a gap greater than the diameter of
balls 3, 4 therebetween, and then these balls are loaded
therethrough.

In this step of the assembling operation, the 1inner sealing,
plate 13 secured on the 1nner side of balls 3 of the first row
1s adapted to be entered into the outer peripheral labyrinth
oroove 16 and the inner sealing plate 14 secured on the 1nner
side of balls 4 of the second row 1s adapted to be entered into
the space 9 defined between inner end of the 1nner race 7 and
the surface of the shoulder, so that the second 1nner sealing
plate does not interfere with the radial displacement of the
stepped shaft, and the loading of the balls 3, 4 can be effected
casily.

After loading the predetermined number of balls, the balls
are located equidistantly with each other by means of ball
retainers 20, 20, and then the 1nner race 7 1s bonded to the
reduced diameter shaft portion under a predetermined
pressure, and outer sealing plates 10, 11 are also fitted into
the mner peripheral grooves 12a, 12b of the sleeve outer
race and secured thereto.

The Second Embodiment

Although the inner and outer sealing plates disposed on
the opposite side of balls 3 of the first row are mounted on
the mner and outer sealing sleeve outer race 2, the inner and
outer sealing plates can be mounted on the enlarged diameter
shaft portion 1a as shown 1n FIG. 2.

A pair of outer peripheral grooves 17a, 17b are formed
distally and proximally to the outer peripheral rolling recess
S5 formed on the enlarged diameter shaft portion 1a. Inner
peripheral labyrinth grooves 18a, 18b are formed on the
portions of the mner peripheral surface of the sleeve outer
race 2 crossed with the planes including the outer peripheral
ogrooves. Outer and inner sealing plates 194, 195 including
a central aperture respectively are fitted at their inner periph-
ery 1nto the outer peripheral grooves 17a, 17b. The outer
diameter of the sealing plates 19a, 195 are substantially
equal to or larger than the mnner diameter of the sleeve outer
race 2 and smaller than the outer diameter of the grooves
17a, 17b to prevent the mner sealing plates from contact
with the sleeve outer race. Thus the outer peripheries of the
scaling plates are entered into the grooves 17a, 17b to
provide the labyrinth seal function.
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The assembling operation of the compound bearing appa-
ratus of the above mentioned second embodiment 1s adapted
to be carried out as follows.

The mner periphery of the inner sealing plate 195 1s fitted
into the outer peripheral groove 175 formed on the enlarged
diameter shaft portion la interior to the outer peripheral
rolling recess 5, and the outer periphery of the inner sealing
plate 14 1s fitted into the inner peripheral groove 15b of the
sleeve outer race 2, and then the stepped shaft 1 1s mserted
with the first inner sealing plate into the sleeve outer race 2,
and the inner race 7 1s fitted shidably around the reduced
diameter shaft portion 1b of the stepped shaft.

Next, the stepped shaft 1 1s displaced radially within the
sleeve outer race to form a gap greater than the diameter of
balls 3, 4 therebetween, and then these balls are loaded

therethrough into the inner and outer rolling recess.

In this step of the assembling operation, the inner sealing,
plate 19b secured on the 1mnner side of balls 3 of the first row
1s adapted to be entered into the inner peripheral labyrinth
groove 18b and the inner sealing plate 14 secured on the
inner side of balls 4 of the second row 1s adapted to be
entered 1nto the space 9 defined between 1nner and surface
of the 1inner race 7 and the surface of the shoulder, so that the
inner scaling plates does not interfere with the radial dis-
placement of the stepped shaft, and the loading of the balls
3.4 can be elfected easily.

After loading the predetermined number of balls, the balls
are located equidistantly with each other by means of ball
retainers 20, 20, and then the inner race 7 1s bonded to the
reduced diameter shaft portion under the predetermined
pressure, and outer sealing plate 194 1s fitted 1nto the outer
peripheral groove 17a of the enlarged shatt portion 1a, and
the outer sealing plate 11 1s fitted mto the inner peripheral
oroove 12b of the sleeve outer race 2 and secured thereto.

Although balls are employed as rotating bodies 1n the
above-mentioned first and second embodiments, rollers can
also be employed to accomplish the same function.

The Embodiment of the Spindle Motor

The spindle motor for the hard disk drive device including,
the compound bearing apparatus of the above-mentioned

first embodiment will now be described with reference to
FIG. 3.

A compound bearing apparatus 23 1s secured centrally on
a base 31 to extend vertically therefrom with locating the
enlarged diameter shaft portion of the bearing at the bottom
end thereof. The base 21 1s provided with a flange 22 at the
outer periphery thereof. A rotor hub 24 1ie. a rotating
member of the motor includes on 1ts central lower surface a
cylindrical central portion 25 having an upper and lower
openings. The cylindrical portion 1s formed integrally with
the rotor hub with using the same member. The cylindrical
portion 25 1s fitted over the sleeve outer race 2 of the
compound bearing apparatus 23.

The rotor hub 24 1s provided around the outer Periphery
thereof with a downwardly around the outer 26 having a disk
mount portion for the disk or disks of the hard disk drive
device. The inner peripheral surface of the downwardly
depending flange 1s provided with rotor magnets 27 made of
permanent magnets.

Stators 30 having a coil 29 wound respectively there-
around are secured around the yoke holder 28 formed
integrally with the base to extend upwardly therefrom with
leaving a slight clearance between the outer peripheral
portion of the stators and the mner peripheral surface of the
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rotor magnets 27. In this connection, the rotor hub 1s adapted
to be rotatably driven by energizing the coils 29.

The assembling procedure of the spindle motor of the
present mvention will be effected as mentioned below. The
compound bearing apparatus 23 1s press fitted and adhe-
sively secured within the central cylindrical portion of the
rotor hub 24. The base or lower end of the enlarged diameter
shaft portion 1la of the stepped shaft 1 of the compound
bearing apparatus 1s press fitted and adhesively secured
within the bore of the base 21.

In the above-mentioned case, the stepped shaft 1 of the
compound bearing apparatus 1s adapted to be secured to the
base 21 so that the sleeve outer race 2 1s adapted to be rotated
together with the rotor hub 24, 1.e. the spindle motor 1s of
shaft securing type. The spindle motor can also be of a shaft
rotating type, 1n which the sleeve 2 1s secured to the base 21
and the stepped shaft 1 1s adapted to be rotated together with

the rotor hub 24.

Further although the compound bearing apparatus in
accordance with the above-mentioned first embodiment as
shown 1 FIG. 1 1s employed 1n the embodiment of the
spindle motor, the compound bearing apparatus 23' in accor-
dance with the second embodiment as shown 1n FIG. 2 can
also be used as shown 1n FIG. 4.

Embodiment of Swing Arm Assembly

A swing arm assembly for hard disk drive means 1is
illustrated 1n FIG. 5. This swing arm assembly includes the

compound bearing apparatus of the above-mentioned {first
embodiment.

A base Or a cylindrical portion 34 of a swing arm 33 1is
secured to the sleeve outer race 32 of the compound bearing
apparatus 31. The swing arm 33 has mounts 35, 35 for
carrying the magnetic head of the hard disk drive device at
its distal portion.

The compound bearing apparatus 31 1s press fitted and
adhesively secured within the bore 36 of the cylindrical
portion 34 with interposing adhesive between the outer
peripheral surface of the sleeve outer race 32 and the inner
peripheral surface of the bore of the hub 34.

In the swing arm assembly of the construction as
described above, magnetic heads (not shown) are adapted to
be attached to the mounts 35, 35 for carrying the magnetic
head, and the lower end of the enlarged diameter shaft
portion 1a of the compound bearing apparatus 31 1s secured
on the base (not shown) of the hard disk drive device. The
swing arm assembly can be rotated around the shaft by
means of any appropriate actuator.

Although the above-described swing arm assembly 1s of
the shaft securing type in which the cylindrical portion 34 of
the swing arm 1s secured around the sleeve outer race of the
compound bearing apparatus and the stepped shaft is
secured to the base of hard disk drive device, the swing arm
assembly of the shaft rotating type in which the cylindrical
portion 34 1s secured to the stepped shaft and the sleeve
outer race 1s secured to the base of hard disk drive device can
also be used.

In the above-mentioned embodiment of the swing arm
assembly, the compound bearing apparatus of the first
embodiment of type as shown 1n FIG. 1 1s employed.
Whereas, the compound bearing apparatus of the second
embodiment of type as shown i FIG. 2 may also be
employed as shown in FIG. 6.

The Advantages or Effects to be Obtained from the
Present Invention

In accordance with the resent invention, the compound
bearing apparatus includes sealing plates at the inner sides of
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cach rotating bodies as well as at the outer sides, so that the
lubricant presented around the rotating bodies, the rotating
recess, and the retainers can be prevented from leaking out
from the bearing apparatus. Thus, the compound bearing
apparatus good at 1ts stillness and long life can be obtained.

The labyrinth seal structure formed by the elements of the
bearing apparatus such as inner and outer sealing plates the
sleeve outer race, and the shaft does not produce frictional
heat and does not affect the rotational torque, since there are
no contact between the elements.

Further, the spindle motor of the present invention also
includes the compound bearing apparatus of long life and
maintaining high rotational precision for the long period of
fime. The assembling procedure of the spindle motor of the
present invention can be effected easily only by press {it the
compound bearing apparatus into the central cylindrical
portion of the rotor hub and secured thereto by means of
adhesive

Additionally, the swing arm assembly of the present
invention also includes the compound bearing apparatus of
long life and maintaining high rotational precision for the
long period of time, so that the reliability of hard disk drive
device can be enhanced. The assembling procedure of the
swing arm assembly of the present invention can be effected
casily only by press fit the compound bearing apparatus into
the cylindrical portion of the base of the swing arm and
secured thereto by means of adhesive.

While particular embodiments of the present invention
have been 1llustrated and described, 1t should be obvious to
those skilled 1n the art that various changes and modifica-
fions can be made without departing from the spirit and
scope of the nvention.

What 1s claimed 1s:

1. A compound bearing apparatus including a stepped
shaft having an enlarged diameter shaft portion and reduced
diameter shaft portion, a sleeve outer race surrounding the
stepped shaft, and two rows of rotating bodies interposed
therebetween, wherein:

the rotating bodies of the first row are disposed between
an outer peripheral rolling recess formed directly on an
outer peripheral surface of the enlarged diameter shaft
portion and a first inner peripheral rolling recess
formed directly on the mner peripheral surface of the
sleeve outer race,

the rotating bodies of the second row are disposed
between an outer peripheral rolling recess formed on an
outer periphery of an inner race fitted over the reduced
diameter shaft portion of said stepped shaft and a
second 1nner peripheral rolling recess formed directly
on the mner peripheral surface of the sleeve outer race,

an outer peripheral labyrinth recess formed on the outer
peripheral surface of the enlarged diameter shaft por-
tion at the longitudinal mnner side of the rotating bodies
of the first row,

a space defined between a shoulder, formed at a point of
transition from the enlareed diameter shaft portion to
the reduced diameter shaft portion, and an inner end of
the 1nner race,

the longitudinal outer side of the rotating bodies of the
first row, a first outer sealing plate of ring shape having
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the inner diameter of the central aperture of said first outer
sealing plate 1s slightly larger than the enlarged diam-
cter shaft portion to prevent the first outer sealing plate
from contact with the stepped shaft and to provide a
labyrinth seal function,
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at the longitudinal outer side of the rotating bodies of the
second row, a second outer sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery into an inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the 1nner diameter of the central aperture of said second
outer sealing plate 1s substantially equal to or smaller
than the outer diameter of the 1nner race and larger than
the outer diameter of the reduced diameter shaft portion
to provide a labyrinth seal function,

at the longitudinal inner side of the rotating bodies of the
first row, a first inner sealing plate of ring shape having
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the mner diameter of the central aperture of said first inner
sealing plate 1s substantially equal to or smaller than the
outer diameter of the enlarged diameter shaft portion
and larger than the outer diameter of the labyrinth
recess to prevent the first inner sealing plate from

contact with the stepped shaft to provide a labyrinth
seal function,

at the longitudinal inner side of the rotating bodies of the
second row, a second 1nner sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery into an 1inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the 1nner diameter of the central aperture of said second
inner sealing plate 1s substantially equal to or smaller
than the outer diameter of the inner ring and larger than
the outer diameter of the reduced diameter shaft portion
of the stepped shaft to prevent the second 1nner sealing,
plate from contact with the stepped shaft or the inner

race to provide a labyrinth seal function.
2. The compound bearing apparatus recited in claim 1,
wherein said outer peripheral labyrinth recess, said space
defined between said shoulder and said inner end of the inner

race, sald first iner sealing plate and said second inner
scaling plate cooperate to reduce dispersion of lubricant
from said rolling bodies into a space between said two rows
of rotating bodies.

3. A spindle motor including a rotating member rotor hub
journalled on a base by means of a compound bearing
apparatus, said compound bearing apparatus comprising:

a stepped shaft having an enlarged diameter shaft portion
and reduced diameter shaft portion, a sleeve outer race
surrounding the stepped shaft, and two rows of rotating
bodies mterposed therebetween, wherein:

the rotating bodies of the first row are disposed between
an outer peripheral rolling recess formed directly on an
outer peripheral surface of the enlarged diameter shaft
portion and a first 1nner peripheral rolling recess
formed directly on the inner peripheral surface of the
sleeve outer race,

the rotating bodies of the second row are disposed
between an outer peripheral rolling recess formed on an
outer periphery of an 1nner race fitted over the reduced
diameter shaft portion of said stepped shaft and a
second 1mner peripheral rolling recess formed directly
on the mner peripheral surface of the sleeve outer race,

an outer peripheral labyrinth recess formed on the outer
peripheral surface of the enlarged diameter shaft por-
tion at the longitudinal mnner side of the rotating bodies
of the first row,

a space defined between a shoulder, formed at a point of
transition from the enlarged diameter shaft portion to
the reduced diameter shaft portion, and an inner end of
the nner race,
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at the longitudinal outer side of the rotating bodies of the
first row, a first outer sealing plate of ring shape having
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the inner diameter of the central aperture of said first outer
scaling plate 1s slightly larger than the enlarged diam-
cter shaft portion to prevent the first outer sealing plate
from contact with the stepped shaft and to provide a
labyrinth seal function,

at the longitudinal outer side of the rotating bodies of the
second row, a second outer sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery into an inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the mner diameter of the central aperture of said second
outer secaling plate 1s substantially equal to or smaller
than the outer diameter of the 1inner race and larger than
the outer diameter of the reduced diameter shaft portion
to provide a labyrinth seal function,

at the longitudinal inner side of the rotating bodies of the
first row, a first inner sealing plate of ring shape having
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the inner diameter of the central aperture of said first inner
sealing plate 1s substantially equal to or smaller than the
outer diameter of the enlarged diameter shaft portion
and larger than the outer diameter of the labyrinth
recess to prevent the first mner sealing plate from
contact with the stepped shaft to provide a labyrinth
seal function,

at the longitudinal inner side of the rotating bodies of the
second row, a second inner sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery 1nto an inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the mner diameter of the central aperture of said second
inner sealing plate 1s substantially equal to or smaller
than the outer diameter of the inner ring and larger than
the outer diameter of the reduced diameter shaft portion
of the stepped shait to prevent the second mnner sealing
plate from contact with the stepped shaft or the inner
race to provide a labyrinth seal function.

4. The spindle motor recited 1in claim 3, wheremn said
compound bearing apparatus i1s configured so that said outer
peripheral labyrinth recess, said space defined between said
shoulder and said inner end of the mnner race, said first inner
scaling plate and said second 1nner sealing plate cooperate to
reduce dispersion of lubricant from said rolling bodies 1nto
a space between said two rows of rotating bodies.

5. A swing arm assembly journalled rotatably on a base of
a bard disk drive device through a compound bearing
apparatus provided within a base cylindrical portion of a
swing arm, sald compound bearing apparatus comprising:

a stepped shaft having an enlarged diameter shaft portion
and a reduced diameter shait portion, a sleeve outer
race surrounding the stepped shaft, and two rows of

rotating bodies interposed therebetween, wherein:

the rotating bodies of the first row are disposed between
an outer peripheral rolling recess formed directly on an
outer peripheral surface of the enlarged diameter shaft
portion and a first 1nner peripheral rolling recess
formed directly on the mner peripheral surface of the
sleeve outer race,

the rotating bodies of the second row are disposed
between an outer peripheral rolling recess formed on an

10

15

20

25

30

35

40

45

50

55

60

65

12

outer periphery of an 1nner race fitted over the reduced
diameter shaft portion of said stepped shaift and a
second 1nner peripheral rolling recess formed directly
on the mner peripheral surface of the sleeve outer race,

an outer peripheral labyrinth recess formed on the outer
peripheral surface of the enlarged diameter shaft por-
tion at the longitudinal mner side of the rotating bodies
of the first row,

a space defined between a shoulder, formed at a point of
transition from the enlarged diameter shaft portion to
the reduced diameter shaft portion, and an inner end of
the 1nner race,

at the longitudinal outer side of the rotating bodies of the
first row, a first outer sealing plate of ring shape having,
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the inner diameter of the central aperture of said first outer
sealing plate 1s slightly larger than the enlarged diam-
cter shaft portion to prevent the first outer sealing plate
from contact with the stepped shaft and to provide a
labyrinth seal function,

at the longitudinal outer side of the rotating bodies of the
second row, a second outer sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery into an inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the 1nner diameter of the central aperture of said second

outer sealing plate 1s substantially equal to or smaller
than the outer diameter of the 1nner race and larger than
the outer diameter of the reduced diameter shaft portion
to provide a labyrinth seal function,

at the longitudinal inner side of the rotating bodies of the
first row, a first 1nner sealing plate of ring shape having,
a central aperture 1s fixedly fitted at its outer periphery
into an inner peripheral groove formed on the inner
peripheral surface of the sleeve outer race,

the inner diameter of the central aperture of said first inner
sealing plate 1s substantially equal to or smaller than the
outer diameter of the enlarged diameter shaft portion
and larger than the outer diameter of the labyrinth
recess to prevent the first inner sealing plate from
contact with the stepped shaft to provide a labyrinth
seal function,

at the longitudinal inner side of the rotating bodies of the
second row, a second inner sealing plate of ring shape
having a central aperture 1s fixedly fitted at its outer
periphery into an 1inner peripheral groove formed on the
inner peripheral surface of the sleeve outer race,

the 1nner diameter of the central aperture of said second
inner sealing plate 1s substantially equal to or smaller
than the outer diameter of the inner ring and larger than
the outer diameter of the reduced diameter shaft portion
of the stepped shaft to prevent the second 1nner sealing,
plate from contact with the stepped shaft or the inner
race to provide a labyrinth seal function.

6. The swing arm assembly recited 1n claim 5, wherein

said compound bearing apparatus 1s configured so that said
outer peripheral labyrinth recess, said space defined between
said shoulder and said mner end of the inner race, said first
inner scaling plate and said second inner sealing plate
cooperate to reduce dispersion of lubricant from said rolling
bodies into a space between said two rows of rotating
bodies.
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